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    Hydrodynamically air-lubricated foil journal bearings are prospective applicants for machine elements that can support a 
small-sized rotor of high-speed rotary machinery, such as a micro gas turbine. The smooth surface of the bearing deforms 
elastically, depending on an applied bearing load, since it is a flexible foil that is supported elastically. Bump foil journal 
bearing is a kind of the bearings. The bearing consists of two foils. One is cylindrical and named as a top foil. The other is 
corrugated and named as a bump foil. The top foil is supported elastically by the bump foil. As the foils are forced into the 
bearing sleeve in assembling the bearing, the top foil deforms due to the assembly preload from the bump foil. The previous 
prediction was conducted without the preload being considered. This study aims at predicting the maximum load capacity of 
the bearing with the preload, by using two models. One corresponds to the bearing with an infinitely static friction between the 
two foils and the other to the bearing without the friction. It is found that each of the bearing design variables has an effect on 
the capacity obtained with the preload being considered. 



























Fig.1  Bump foil journal bearing 
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Fig.2  Foil journal bearing supported elastically  
by bump-equivalent springs 
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Table 1  Base case applied to model bearing 
stθ  10°  tfβ  340°  Λ  0.5  
ptθ  10°  tfτ  0.05  Ω  0.5  
bfK  10  
 
tfE  10  
 
pM  0 2.9∼  
 
Table 2  Bearing design variables calculated 
stθ  10 ,  100 ,  280° ° °  
ptθ  5 ,  10 ,  20° ° °  
bfK  10000,  1000,  100,  10,  1,  0.1  
tfβ  340 ,  300 ,  260 ,  220° ° ° °  
tfτ  0.05,  0.01  
tfE  1000,  100,  10,  1,  0.1  
Ω  0.2,  0.4,  0.5,  0.6,  0.8,  1  
 




Fig.6  Distribution of air film thickness in maximum  
load capacity (Model A) 
 
 
Fig.7  Distribution of air film pressure in the mid plane of 
the bearing in maximum load capacity (Model A) 
 
(a) Effect of pitch angle of bump-equivalent springs 
 
 
(b) Effect of thickness of top foil 
Fig.4  Initial deformation due to assembly preload factor 
(Model A , ) p 0.5=M
 Fig.8  Distribution of air film thickness in maximum  
load capacity (Model B) 
 
 
Fig.9  Distribution of air film pressure in the mid plane of 
the bearing in maximum load capacity (Model B) 
 
(a) Model A 
 
 
(b) Model B 
Fig.10  Effect of assembly preload factor on maximum 




































































 (a) Model A 
 
 
(b) Model B 
Fig.12  Effect of assembly preload factor on maximum 
      load capacity for some values of stiffness of  
      bump-equivalent spring 
 
(a) Model A 
 
 
(b) Model B 
Fig.11  Effect of assembly preload factor on maximum  
load capacity for three values of pitch angle of  
bump-equivalent springs 






































































 (a) Model A 
 
 
(b) Model B 
Fig.13  Effect of assembly preload factor on maximum load 
capacity for four values of angular extent of top foil 
 
(a) Model A 
 
 
(b) Model B 
Fig.14  Effect of assembly preload factor on maximum  











































































 (a) Model A 
 
 
(b) Model B 
Fig.16  Effect of assembly preload factor on maximum  
load capacity for five values of bearing number 
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(a) Model A 
 
 
(b) Model B 
Fig.15  Effect of assembly preload factor on maximum 



















(1) Ishii, K., Micro Gas Turbine System (in Japanese), (2002), 
p.2, Ohmsha Ltd. 
(2) Yoshimoto, S., Trends in Gas bearings, Journal of Japa 
-nese Society of Tribologists (in Japanese), Vol.42, No.12 
(1997), pp.966-971. 
(3) Tougou, S., Guidebook in Designing Gas Bearings (in Japa 
-nese), (2002), p.7, Kyori -tsu Shuppan co., Ltd. 
(4) Heshmat, H., Advancements in the Performance of Aero 
-dynamic Foil Journal Bearings: High Speed and Load Ca 
-pacity, Transactions of the ASME, Journal of Tribology, 
Vol.116, No.2 (1994), pp.287-295. 
(5) Radil, K. and Dykas, B., The Role of Radial Clearance on 
the Performance of Foil Air Bearings, STLE Tribol. Trans., 
Vol.45, No.4 (2002), pp.485-490. 
(6) Hatakenaka, K. and Saito, I., Hydrodynamic Performance 
of Elastically Supported Gas-Lubricated Foil Journal Bear 
-ings, Journal of Japanese Society of Tribologists (in Japa 
-nese), Vol.48, No.12 (2003), pp.1006-1013. 
(7) Heshmat, H. et al., Analysis of Gas-Lubricated Foil Journal 
Bearings, Transactions of the ASME, Journal of Lubrica 
-tion Technology, Vol.105, No.4 (1983), pp.647-655. 
(8) Ku, C.-P.R. and Heshmat, H., Compliant Foil Bearings 
Structural Stiffness Analysis-Part I: Theoretical Model-In 
-cluding Strip and Variable Bump Foil Geometry, Transac 
-tions of the ASME, Journal of Tribology, Vol.114, No.2 
(1992), pp.394-400. 
(9) Ku, C.-P.R. and Heshmat, H., Compliant Foil Bearing 
Structural Stiffness Analysis-Part II: Experimental Investi 
-gation, Transactions of the ASME, Journal of Tribology, 
Vol.115, No.3 (1993), pp.364-369. 
(10) Peng, J. P. and Carpino, M., Calculation of Stiffness and 
Damping Coefficients for Elastically Supported Gas Foil 
Bearings, Transactions of the ASME, Journal of Tribology, 
Vol.115, No.1 (1993), pp.20-27. 
(11) Peng, J. P. and Carpino, M., Coulomb Friction Damping Ef 
-fects in Elastically Supported Gas Foil Bearings, STLE 
Tribol. Trans., Vol.37, No.1 (1993), pp.91-98. 
(12) Heshmat, H. and Ku, C.-P.R., Structural Damping of Self 
-Acting Compliant Foil Journal Bearings, Transactions of 
the ASME, Journal of Tribology, Vol.116, No.1 (1994), 
pp.76-82. 
(13) Ku, C.-P.R. and Heshmat, H., Structual Stiffness and Cou 
-lomb Damping in Compliant Foil Journal Bearings: Param 
-etric Studies, STLE Tribol. Trans., Vol.37, No.3 (1994), pp. 
455-462. 
(14) Ku, C.-P.R. and Heshmat, H., Structual Stiffness and Cou 
-lomb Damping in Compliant Foil Journal Bearings: Theo 
-retical Considerations, STLE Tribol. Trans., Vol.37, No.3 
(1994), pp.525-533. 
(15) Arakere, N.K., Analysis of Foil Journal Bearings with 
Backing Springs, STLE Tribol. Trans., Vol.39, No.1 (1996), 
pp.208-214. 
(16) DellaCorte, C. and Valco, M., Load Capacity Estimation of 
Foil Air Journal Bearings for Oil-Free Turbo-Machinery 
Applications, STLE Tribol. Trans., Vol.43, No.4 (2000), pp. 
795-801. 
(17) Heshmat, H., Operation of Foil Bearings Beyond the Bend 
-ing Critical Mode, Transactions of the ASME, Journal of 
Tribology, Vol.122, No.1 (2000), pp. 192-198. 
(18) Hou, Y. et al., The Experimental Study of Aerodynamic 
Plate-Foil Journal Bearings for High Speed Cryogenic 
Turboexpander, STLE Tribol. Trans., Vol.43, No.4 (2000), 
pp.681-684. 
(19) Salehi, M. et al., Thermal Features of Compliant Foil Bear 
-ings - Theory and Experiments, Transactions of the ASME, 
Journal of Tribology, Vol.123, No.3 (2001), pp. 566-571. 
(20) Lee, N.S. et al., The Influence of the Slip Flow on Steady 
-State Load Capacity, Stiffness and Damping Coefficients 
of Elastically Supported Gas Foil Bearings, STLE Tribol. 
Trans., Vol.45, No.4 (2002), pp.478-484. 
(21) Carpino, M. and Talmage, G., A Fully Coupled Finite Ele 
-ment Formulation for Elastically Supported Foil Journal 
Bearings, STLE Tribol. Trans., Vol.46, No.4 (2003), pp. 
560-565. 
(22) Salehi, M. et al., On the Frictional Damping Character 
-ization of Compliant Bump Foils, Transactions of the 
ASME, Journal of Tribology, Vol.125, No.4 (2003), pp. 
804-813. 
(23) Dykas, B. and Howard, S. A., Journal Design Considera 
-tions for Turbomachine Shafts Supported on Foil Air Bear 
-ings, STLE Tribol. Trans., Vol.47, No.4 (2004), pp.508- 
516. 
(24) Hayashi, K., Development of Aerodynamic Foil Bearing 
for Micro Gas Turbine, Transactions of the Japan Society 
of Mechanical Engineers (in Japanese), Series C, Vol.72, 
No.716 (2006), pp.1329-1336. 
(25) Peng, Z.-C. and Khonsary, M. M., A Thermodynamic Anal 
-ysis of Foil Journal Bearings, Transactions of the ASME, 
Journal of Tribology, Vol.128, No.3 (2006), pp.534-541. 
(26) Kim, D., Parametric Studies on Static and Dynamic Per 
-formance of Air Foil Bearings With Different Top Foil Ge 
-ometries and Bump Stiffness Distributions, Transactions 
of the ASME, Journal of Tribology, Vol.129, No.2 (2007), 
pp.354-364. 
(27) Washizu, K. et al., FEM Handbook I Elementary Guide (in 
Japanese), (1981), pp.231-233, Baifukan co., Ltd.
